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(57) Abstract: A Ni-base directionally solidified superalloy or a Ni-base single crystal superalloy, characterized in that it has a 
composition, in wt %: Al: 5.0 to 7.0 %, Ta+Nb+Ti: 4.0 to 16.0 %, Mo: 1.0 to 4.5 wt %, W: 4.0 to 8.0 wt %, Re: 3.0 to 8.0 wt %, 
00 Hf: 2.0 wt % or less, Cr 10.0 % or less, Co: 15.0 % or less, Ru: 1.0 to 4.0 wt %, C: 0.2 wt % or less, B: 0.03 %, and balance: 
00 Ni and inevitable impurities. The Ni-base base directionally solidified superalloy or single crystal superalloy has an enhanced creep 
strength at high temperatures, and thus can be used for a turbine blade, a turbine vane and the tike of a gas turbine for use in a jet 
^ engine or for industrial use. 

tn 

O (57) S&l: Al:5.0~7.0wt%. Ta+Nb+Ti:4.0~ 
q JslT, Cr:10.0wt%JaT, Co:15.0wt%15lT, 



-16.0wt%* Mo:1.0~4.5wt%. W:4.0~8.0wt%, Re:3.0~8.0wt%. Hf:2.0wt% 
Ru:1.0-4.0wt%. C:0.2wt%J*lT. B:0.03wt%J*lT£^*T U 38S&J&<Ni£* 
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m m m 

nTVi^. ZKD5^CD» — ^TfSlMHM-a-^t LTteRene8 0 (Co : 
9. 5wt%, Cr : 14. Owt%, Mo : 4. 0 w t X , W : 4 . 
OwtX, Al : 3. OwtX, Co: 17. 0 w t X, B : 0 . 0 1 
5wt%, Ti : 5. OwtX, Zr:0. 0 3 w t XTgiSlWN i 
<o&Z>'&&) &£ZfiM ar-M247 (Co: 10. Owtl Cr: 
.8. 5 w t X, Mo : 0 . 66wtX, W: 10. OwtX, Al : 5 
. 6wtX, Ta:3. OwtX, Hf : 1. 4wtX, C:0. 16 
wtX, B : 0 . 01 5wtX, Ti : 1. OwtX, Zr:0. 04 

ft©N i m-Jj\(iimmm&&ii IT. TMD-10 3 ( B ^ffrffl 2 9 
0 5 4 7 3^) o 

Z.tlP>m*<DN i N i gm^S-gr^fclt^T 
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s sicifti&iiflMa-fctfn&N i g-#isj«@j@£-&©njsaa*Mf;nT 

fBH§©H^ 

A 1 : 5 . 0 — 7 . Owt%, Ta+Nb + Ti : 4. 0—16. 
Owt%, Mo : 1 . 0 — 4. 5wt%, W : 4 . 0 — 8. Owt%. 
Re: 3. 0~8. Owtl H f : 2. Owt C r : 10. 

Owt %E*T, C o : 1 5 . Owt %&>T, Ru: 1. 0—4. Owt 
%, C : 0 . 2 w t B : 0 . 0 3 w t %K"FSttL, JiSBa* 

N i fc*W3BW*tttt*»Sfc*lfilfc**-*-SN i S-*l^«@j@-&^ 
*ift5t)®?SD, fg2fcl«, ±1Bfcj«fc$3V»T» Mo : 2. 8 - 
.4. 5wt%, mtSuiS^ttSN iS-^U@^$ 
, Sfe, $3fctt, Ta : 4. 0-6. 0wt%, Sr^WTS £ «t *<ft 
glfT^N S&fc, m4fcte, Al : 5. 8 

~ 6 . 0 w t %, Ta+Nb + Ti : 5. 5 — 6 . 5 w t M o : 2 
. 8 — 3. OwtX, W: 5. 5 — 6 . 5wt%. Re : 4. 8 — 5 . 
Owt H f : 0. 0 8 — 0. 12wtX. Cr : 2. 0 — 5. Ow 
t C o : 5 . 5 ~ 6 . 0 w t %> Ru: 1, 8 — 2 . 2 w t C 
: 0. 05-0. lwt%, B:0. 01-0. 02wt%S:^WU, 
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^-tt, z<Dmm<Dmwu. ussier, ±mm^^\z^^x, si : 

0. 01-0. 1 w t «§tttSCi:^8ltt-5N i 

tZfc, M6\Z\t, ±m&&\Z&^T. 2<o\ZV: 2. Owt%&. 
T, Z r : 1 . 0 w t %E*T, Y : 0 . 2 w t %&T> L a : 0 . 2 w 
t%&T> Ce : 0. 2wt%£*T. ©TcaSf ViHi^Wfct 

C©ffi«©5B91tt, 8 7 fctt', A 1 : 5. 0-7. Owt% 
, Ta+Nb + Ti : 4. 0-16. OwtX, Mo: 1. 0 — 4 . 5 
wtX, W:4. 0 — 8 . Owt%, Re : 3. 0~8. 0 w t % , H 
f : 2 . 0 w t %£*T, C r : 1 0 . 0 w t %&T, C o : 1 5. 0 w 
t %SKT. Ru:l. 0 — 4. 0wt%, C : 0. 2wt %&>T. B : 

m^Z^T. Mo : 2. 8—4. 5wtX, ^^ft* -5 d £ £ 
t5N ilf^Si^^, Sf§9K:«, Ta:4. 0-6. 0 w 

1 OKtt, Al r 5. 8 — 6 . 0 w t % , Ta+Nb + Ti : 5. 5 — 
.6. 5 w t % , Mo : 2. 8-3. OwtX, W: 5. 5 — 6. 5 w t 
%> Re : 4 . 8 — 5. OwtX, Hf : 0. 08 — 0. 1 2 w t %, 
Cr : 2. 0 — 5. OwtX, Co: 5. 5 — 6. OwtX, Ru: 1 
. 8 — 2. 2wt%, C:0. 05 — 0. lwt%, B:0. 01 — 0 

. o 2 w t aawN i t^asm^mm^ ftsw^ 

^tt, c©ffi®©fg9!fei, mi ±IBj®-&&fc£v>T, s i 

: 0. 0 1-0. 1 w t ^i^itf^N 1 S»^IiS 

Sfc, mi 2 fcfci, ±Se-&^fc^ViT, $ &HV : 2. Ow t 
%U*T, Zr : 1. 0 w t %&T, Y : 0. 2 w t %&T, L a : 0. 
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m 1 tt, 1 T©N i *->&lft*Hia-&^R^ft*CDN i 

@ 2 tt, gtjgfcl 2©N i K-*|fiJ«Hifi'&*R^a3fe©N i 

04 , ©$J#fci&©fc©£^-f a 
A TMD- 1 0 3 <»3 1lfcft©N iX-^flSlSHiffl^) 
B Mar-M2 4 7 mm N i 
C Rene8 0 (iSffl N i 
03(1 £GDffim©fg§II©N i &-^faM@M'&&£N i SMSi 
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.f§^S^JS-r-5fca6©SS©^^ 

C©fflBI©589itt±Ba©t*0©4***"boN i g-#l*J®@jg£- 
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UT> Cr (£nA) tt, M«©^±tt^TSoT, RuCDgiifl 
SOfiS^fCfcoT 1 0 w t %S-e^ftlRltgT*-5. ^(DMfoitU, Cr 
10. Owt^^TOlSB^SK, 2. 0~5. 0wt%it5I 

<&3©T8P£U<fr<, 10. 0wt%S@^5ir 'ffiffl*fW 

te b t» b x is m&m £ it in $ * * 1 1 % \z m tu ^it t ± d us && & \z 

MoO«J±lil. 0~4. 5 w t %©ISH^fiF$U<, 2 
. 8~4. 5 w t %<DmW&<}: b < . 2 . 8~3. 0wt% 

tt*s:i«tj|feff £bv>„ m o 1 . o w t %^m^$>^> a 

. jftM<Z)igm^g£^T#fcV>©-e$?£b<fc<, — 4. 5 w t 
, 4. 0~8. 0 w t %©$Sffl##S;L< , 5. 5~6. 5wt%it 

5ct^ife0$LVi. w<z)M^it**4. o w t %*ffi-v&z£, mm 
©i£i&^ft£ii&T#&^©-e$?3;L<;&:<> w©|&j£jtat8. owt 
**«A.stjiiaw*ttjs«fiT , r*©Tff*i/<3a:v». 

Ta i?>*)V) tNb (-^7) tTi ± 
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3&m£[i>J±£i2-3o Ta+Nb+TiCMJtH, ^n^tKD&ftom 
IiaoTl 6w t %&~CWiUa? 4. 0-16. Owt 

%<DmWt)W£L\,* 0 4. 0-10. 0 w t %©fgH#£ 

L<, 5. 5 — 6. 5wt%ttl>i:a:^It)ffSU^. Ta+Nb + 

t i <duj&&&4. owt 0rM©ii5m^^*5i«T?# 

i^iaHgas&TT •5©T»*U<^Vi. 

-£#m#fffi-r-5 r 'ffi$Mt5N i 3 a i -c&ztiz&mmfc&w 

#$t#s£-C6 0-7 0%(Dm^mmV. SSfi&g£ft±£-fr£o 
A 1 5 . 0 — 7. 0 w t %CD|gH*W*b< , 5. 8 — 6. 

0wt%tt§itMfeff*l^. A 1 ©Mj&ftj&*5 . 0wt%*ii 

Hf (A7->)A) «i^#il«T7C^-C*D, rffitr '*B©&fM;HI 
2. 0wt%£tT®iSliW$l<, 0. 08-0. 12wt%£ 

Co «A 1, T afc£©«4@fc*f-r£&MT"e©@?gEl 

^±$^5. CoOTOttH. Ow t %ErF©fga#$?£t><, 
5. 5-6. Owt %£-TS;i£tf*£D$?S;L^ 0 Co£#SfcV>£, 
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tl<ft<, 15. 0wt%$i^5i, Al, Ta, Mo, W, Hf 

. 0~8. 0wt%Oil^SK, 4. 8~5. 0 w t % £T3 E 
i^ckDifSbVi. R e (DffiLtftltiit 3 . 0 w t %*iSiT?&3 <h, 7*9© 

Sb<ft<, Re©m^it^6. 0wt%Si^St, itJi&Pf KIT C P 

Ru©i£j£ifc«l. 0~4. 0wt%CDiii5ijif$L<, 1. 8~2. 
2 w t %£-r-5;ii:a*J:9*f?£b^. RuODa^Jt^l. Owt^l 

3©T?iiF£L<fr<, Ru©ifaj£it#4. Owt^^St, UXb 
ffl < 54 3 © T 0 * V < V i . 

C (MIR) C©S&j5KJ£te0. 2wt%£AT©SS 

Hj&«»*U<, 0. 05~0. 1 wt %fr§21t^«fcD0*bVi. c 

0 . 2 w t %§S^.5tIft§*TSO^Sl/<av». 
B <*^) ttCfcra*fctMHafcfc*#U BOm^JtttO. 0 3 
w t %£ATCD|gffl*W*b< , 0. 0 1-0. 02wt%tt5O^«l; 
0$?£L^„ B©i&/&J£#0. 0 1 w t XKm-Q&ZtnR&ikVWiZk 
tmfcT? % ft <%i2>(D1?1fr%. I, B©&j£Jt#0. 0 3wt 
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S i (->'J3» ^iltS i0 2 Si^4i«$tTWl 
Si*T* ±38©£3fclii»fl:ttfl±fc*3biSJSLTV>*. SiO 

fc«>, ^#S*0. 0 1-0. lwt^il^Lfe. 

H©^&fc«, *©»fiSfc, S6fcSU©7C*tUT, V. Zr, Y, L 
a££tf C e 0-iK±ifilT©I^T^f $ttt> £V> 0 

3iKb-r Stents 3. La>LfcatS, jl«©*JiDt4^ U -^MftTWf 
V2. 0wt%KTiW5. 
Zr (^;V3r!)A) ttB^C &n«fctt»*!fcfls-r«7C*T?**. 
Lri>Uftj&*£>, ilflE©*lBtt^U-7 r aft«*TWf*fc* 1 . 0wt%& 

Y (-f >y b U L a C e (irU ^A) \Z-y>r)V 

^^©^»14<£(H]Ji$-a:^7C^Tcfe^ 0 L^Lfc;5*£)j!g©gs;()nfcMt!l© 
^^©S^KS^TS^'S^tfC^^fc^YO. 2wt%«T, LaO 
. 2wt%&T, CeO. 2wt%6lTtMtS. 

£A±©t*3D©;:©a^©N i m-jjfaM®m&&& £TfN i 
&0 3«, -mm** (do t%.m&&&<Dm&\z£z$i&&m 
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, 9tt&&$&£fflfcttiitffflfr>fc£H^iMfr$>&&3. 

lft*H^a:»4iBII©*lft*«ft«f©^lftfc»Afc, ftttHtP^tfft 
*MV>ISBtt©*'&#;fr&fc* , b©'r*S. &mm&&te : Z<DM&T~ 

&um 3 ©^Mtc^-r^msffi ntfissn, m 3 ©swc^t— #isj 
M@ © Mil t © m vi si ft/a © <t w * * % -3 w £ jft © 
*nei^.»4-*i6i«H^©«jfitttHi;T**. 

. E©J;5&C£a>6, N i36-;erffl*IB«-&£©«»fc»LT, 
©*Sft*jfcfi3tf*&»©-fel'*^S«V>.5 c tic J: D#ilA& IT 
N i mm&ikm&'&fTZZ t#T!*S. 

©«fcJ:oT36Wtf*IBJ£aft*J: tttfcV*. 

H % 

<HttM 1 > 

ttd&itflSC o:5. 8wt%, Cr : 2. 9 w t %, Mo : 2 
.. 9 w t %, W : 5 . 8 w t %, A 1 : 5 . 8 w t T a : 5 . 8 w 
t %, H f : 0 . 1 0 w t Re :4. 9 w t %, R u : 2. Owt 
C:0. 0 7wt B:0. 0 1 5wt %, SAWN i t?F"Jj& 
»*M«#Sfc*-#flI*H-&£»»*«* Xffl + »C*V4T2 0 Omm 

/h©^@5i^Tf^«p^iiUT#fc. -*famm-&&mm®z¥- 

frSPit#4mm, 2 0 mmCrX h H — X (No. 1 ~2) ICiJDX 

LMP=T (20 + log (tr)) X10" 1 , T: Temperatu 
re, K, tr : Rupture life, h t LTfttS £ ft* 9 — V >5 
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*-*©R«£3E 1 £© LMP £]&J](DM&&* 9E 

#0TMD-1 0 3 tJtUEUTH 1 fc^Lfc. 

^©AM, TMD-10 3O|^iltH5. 01lC:£^T£± 

tx*t), icff < a £ ? y vi n t icfc & o 

a i a» susbai 1 ©n i m-*faM®m&&\z&mM~zt? v-?m 

<mmm2> 

13 0 Ot;©»«Tll$WTHfcbfclft; 1 3 2 01C©jtflEK:#HabT£ 

©a*T5i»iiB*»bT*6a[»r*»#flsM*i/, ^©&fc> 

^fc&V^Tl 1 0 0tJ©Sft*C4l3ra«#LTj^Sffl?&f *»lg*£, 
fc:felr>T 8 7 0*C©»«T?2 0 RHBI«» UT** 6 S»T 2 
«© 2 bfc. 

% A\Z. i JKM 1 t H« fclDI bTf 7 h (No. 3~5) it 

. ati^6**«2©N i X-^AIBS«^»A«II l ©&©£ 0 
£ y -^M*««nTVJ* c 

^HS^2©N i S-^Ir3^@@-&^«, 0 2 K^Lfc=fc3 
iSfflCNi #lRjM@jg'&&Rene8 0 (C), Mar-M247 (B 
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i§E 1 



^xh-tf— X 

(No.) 


• (°C) 


(kgf/mm 2 ) 


mat 
(h) 


(%) 


m 

(%) 


LMP 
P=20 
(X1000) 


1 


900 


40 


310.6 


13.4 


14.3 


26.387 


2 


1100 


14 


85.3 


16.7 


. 37.8 


30.114 


3 


900 


40 


402.2 


10.1 


15.1 


26.519 


4 


1000 


25 


152.5 


14.9 


15.9 


28243 
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1100 


14 


126.3 


14.9 


26i 


30.349 



<§HJg0U> 
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1. Al : 5. 0-7. OwtX, Ta+Nb+Ti : 4. 0-16. 
OwtX, Mo: 1. 0 — 4. 5 w t X, W : 4 . 0 — 8. OwtX, 
Re: 3. 0 - 8 . OwtX, Hf :2. Owt X£TF, C r : 1 0. 
Owt XJgJT, Co : 1 5. Owt X&T, Ru:l. 0-4. Owt 
X, C : 0. 2w t %^T, B : 0. 0 3w t X£*T£Mb, 

N i t^-pim&l*M®fr ^aSW^ftS CI £&&Wlt?2>N i S 

2. Mo : 2. 8 — 4. 5wt%, ^ttSitSHittSi^ 
^ 1 fcfB*&<DN i ^-^[Sl^H^'&^o 

3. Ta:4. 0-6. OwtX, mt5:i4»tit5»* 
91 1 fcB*«DN i g-#l*J^@j§£-&. 

4. Al : 5. 8 — 6 . OwtX, Ta+Nb + Ti : 5. 5 — 6 . 
5wtX, Mo : 2. 8 — 3. OwtX, W: 5. 5-6. 5wtX, 
Re: 4. 8 — 5 . OwtX, Hf : 0. 0 8 — 0. 1 2 w t X, C r 
:2. 0~5. OwtX, Co: 5. 5 — 6 . OwtX, Ru: 1. 8 
— 2. 2wtX, C:0. 05-0. lwt X, B : 0. 0 1—0. 0 

,2wtx^ft, a$#*N i t^mm^fnm^fsi^u^mT^ 

i : 0. 01-0. 1 w t %^^tt5utS#Sitt5N i 

V : 2 . 0 S*£*T, Z r : 1, Owt X&T, Y : 0 . 2 w t X&T 
, La : 0. 2wtXKT, Ce : 0. 2 w t %KT07ci$*S!$5 

7. Al :5. 0 — 7. OwtX, Ta+Nb+Ti :4. 0 — 16. 
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OwtX, Mo: 1. 0 — 4. 5wtX, W:4. 0 — 8. Owtl 
Re:3. 0-8. OwtX, Hf :2. Owt X£*T, C r : 10. 
Owt X&T, C o : 1 5. Owt XfitT, Ru:l. 0—4. Owt 
X, C : 0 . 2 w t XE*T, B : 0 . 0 3 w t %RTmt, 
N i £*T*»W*tt4fe;fl»&fc*|&Jfc«W-r* Z. fcSWmtfSN i £ 

8. Mo : 2. 8-4. 5wtX, mt«CtS»tit«l* 
* 7 fcSB«©N i 

9. Ta:4. 0-6. OwtX, mt«:t*»*mi* 
31 7 KiB**<DN i £*ftft JUB6*. 

10. A 1 : 5 . 8 — 6. OwtX, TatNb + Ti : 5. 5-6 
. 5wt%> Mo : 2. 8 — 3. OwtX, W: 5. 5 — 6. 5wtX 
, Re:4. 8—5. OwtX, Hf : 0. 08 — 0. 1 2 w t X, C 
r:2. 0 — 5. OwtX, Co : 5. 5 — 6. OwtX, R u : 1 . 
8 — 2. 2wtX, C:0. 05 — 0. lwtX, B:0. 01 — 0. 

o 2 w t x£^#u, sawn i &?iir&H7Mttfr&&sfij&**'9- 

11. If^^7 J&Vib 1 0 CD^ftl^fclBicOM^^fc^ViT, $6 
,CSi : 0. 01-0. lwt %mt5ct$#itt5N iS$ 

12. it^^7 1 1 <D\ f *'ffifr\zmm<Dm&&lZ35\,*T. 

fc, V : 2 . Ofi*£JlT, Z r : 1 . Owt X&T, Y : 0 . 2 w t X 
EAT, La: 0. 2 w t X&T, C e : 0 . 2 w t X&T©7C^i£¥& 
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